INTRODUCTION
============

A wound is defined as an injury to living tissue and a forcible interruption of the continuity of any organic tissue \[[@B1]\]. Therefore, the involved tissues after periodontal surgery are considered to be wounded sites. Healing, in contrast, is the process of repair or regeneration of an injured, lost, or surgically treated tissue. In particular, healing by primary intention refers to primary wound closure, where the flap margins are placed and held in direct contact until merged by tissue healing \[[@B1]\]. Healing itself takes place following a well-organized chronology of biological events that are crucial for the quality of the final repair of wounded tissues, beginning with initial haemostasis, early clot formation, and inflammatory cell infiltration, which, in turn, is followed by the proliferation of epithelial cells and fibroblasts that migrate into the wound \[[@B2][@B3][@B4][@B5]\].

Wound closure has been universally recognized to be crucial for periodontal wound healing, especially following regenerative procedures \[[@B2][@B5]\]. In particular, the first postoperative week appears to be critical for the maintenance of wound stability \[[@B2][@B6][@B7]\].

Wound healing should be monitored to identify early signs that may be related to healing complications. Such findings might be associated with problems in different surgical procedures, and surgeons should be aware of these problems to consider prompt interventions \[[@B8]\].

Numerous methods have been described for the assessment of wound healing in oral soft tissues. The first published index, the Healing Index (HI), was introduced by Landry et al. \[[@B9]\] in 1988 and evaluated the parameters of tissue colour, bleeding response to palpation, presence of granulation tissue, characteristics of the incision margins, and the presence of suppuration. This index assesses wound healing using scores from 1 to 5: a wound with very poor healing receives a score of 1, whereas excellent healing receives a score of 5.

A further index, the Early Healing Index (EHI), was developed by Wachtel et al. \[[@B10]\], classifying healing in 5 degrees. It rates flap closure not only as complete or incomplete, but also registers both the amount of fibrin and necrosis.

In 2004, Hagenaars et al. \[[@B11]\] published a 3-point score (both from 0 to 2) assessing swelling and colour of the gingival tissues. In the same year, Tonetti and colleagues \[[@B12]\] described a dichotomous score for evaluating healing using the following parameters: oedema, haematoma, suppuration, flap dehiscence, and patient complaints.

Then, in 2005, Huang et al. \[[@B13]\] introduced the Wound Healing Index (WHI), which evaluates periodontal soft tissue wound healing with scores from 1 to 3. On this scale, wounds are scored 1 in the absence of gingival oedema, erythema, suppuration, patient discomfort, and flap dehiscence; a score of 2 refers to uneventful healing with slight gingival oedema, erythema, patient discomfort, and flap dehiscence, but no suppuration; and a score of 3 corresponds to poor wound healing with significant gingival oedema, erythema, suppuration, patient discomfort, and flap dehiscence, or any suppuration.

Even though these methods have been proposed, a ready-to-use assessment system for early wound healing after surgical and intended healing by primary wound closure seems to be still missing. This fact might be explained by the complexity of biological and clinical healing procedures. Accordingly there are several specific limitations of the previously described methods: 1) not all relevant parameters are considered; 2) most indices are designed to follow wound healing no earlier than 1 or 2 weeks after surgery (i.e., not since the very beginning of the healing process, such as 24 hours after surgery); 3) some of them are excessively comprehensive, thus including many parameters assembled in an inflexible arrangement, rendering the index too complicated for clinical use; 4) some methods evaluate healing features dichotomously, thus becoming very simple without considering the effect of each single parameter of which they are composed; 5) some parameters might be difficult to assess objectively since an adequate definition of the different clinical manifestations is lacking; 6) and some are not applicable for the evaluation of different kinds of surgical incisions.

Considering these limitations, in this pilot study we developed and used a new score called the Early Wound Healing Score (EHS), in order to assess more accurately the early stage of periodontal soft tissue wound healing. The EHS aimed to: 1) adequately define and comprehensively include the clinical aspects of primary healing at incisions, evaluable from postoperative day 1 and onward; and 2) independently assess and subsequently integrate the different clinical aspects of primary healing at incisional wounds.

MATERIALS AND METHODS
=====================

Inclusion criteria
------------------

Patients requiring dental implants or periodontal surgery were selected according to the following inclusion criteria: 1) age ≥18 years; 2) no systemic disease; 3) no smoking; 4) no alcohol abuse; 5) no immunosuppressive therapy; 6) no pregnancy; 7) a full-mouth plaque score and a full-mouth bleeding score \<25% as recorded at 6 sites per tooth; and 8) no history of previous periodontal surgery at the experimental sites.

The study was conducted at the Department of Dental and Maxillofacial Sciences, Section of Periodontology, "Sapienza" University of Rome, Rome, Italy. The study protocol was approved by the local ethical committee (2464/15). All patients were informed about the study and signed a consent form. Study participation was strictly voluntary. The study was performed in accordance to the Declaration of Helsinki of 1975, as revised in 2013 \[[@B14]\].

Surgical procedures
-------------------

Patients were treated with different surgical procedures with at least 1 vertical releasing incision in the flap design. Each incision was extended from the attached gingiva at the line angles of the teeth, apically to the mucogingival line, including the alveolar mucosa for an equivalent length compared to the keratinized gingiva.

Upon completion of surgery, interrupted sutures were placed in order to obtain passive closure of the flap and healing by primary intention.

### Postsurgical assessment (at 24 hours)

Patients were recalled 24 hours after surgery, and a trained examiner (LM) assessed early wound healing using the EHS. In order to standardize the assessment as much as possible for this study, only the vertical releasing incisions were assessed.

### EHS

The EHS is composed of 3 parameters: clinical signs of re-epithelization (CSR), clinical signs of haemostasis (CSH), and clinical signs of inflammation (CSI).

Zero, 3, or 6 points were used to evaluate CSR, whereas 0, 1, or 2 points were used for both CSH and CSI ([Table 1](#T1){ref-type="table"}). The summation of the points of these 3 parameters generated the EHS. The EHS for ideal wound healing was 10 points, while the worst possible score was 0 points.

###### EHS description

![](jpis-48-274-i001)

  Parameter                                                                   Description                                    Points
  --------------------------------------------------------------------------- ---------------------------------------------- --------
  CSR                                                                         Merged incision margins                        6
  Incision margins in contact                                                 3                                              
  Visible distance between incision margins                                   0                                              
  CSH                                                                         Absence of fibrin on the incision margins      2
  Presence of fibrin on the incision margins                                  1                                              
  Bleeding at the incision margins                                            0                                              
  CSI                                                                         Absence of redness along the incision length   2
  Redness involving \<50% of the incision length                              1                                              
  Redness involving \>50% of the incision length and/or pronounced swelling   0                                              
  Maximum total score: 10                                                                                                    

EHS: Early Wound Healing Score, CSR: clinical signs of re-epithelialization, CSH: clinical signs of haemostasis, CSI: clinical signs of inflammation.

1.  • CSR: 0 points, visible distance between incision margins; 3 points, incision margins in contact; 6 points, merged incision margins.

2.  • CSH: 0 points, bleeding at the incision margins; 1 point, presence of fibrin at the incision margins; 2 points, absence of fibrin on the incision margins.

3.  • CSI: 0 points, redness involving \>50% of the incision length and/or pronounced swelling; 1 point, redness involving \<50% of the incision length; 2 points, absence of redness along the incision length.

For each parameter, the worst score observable was registered.

An EHS of 0 points was assigned in the presence of suppuration, independently of the ratings for the 3 single parameters.

RESULTS
=======

Thirty vertical releasing incisions were assessed in 21 patients (9 males and 12 females, aged from 32 to 60 years; mean age, 49.13±8.81 years). Fifteen patients received only 1 vertical releasing incision, whereas 4 patients received 2 incisions, 1 received 3 incisions, and 1 received 4 incisions. Patients who had at least 3 vertical releasing incisions underwent multiple surgical procedures. In each patient, all incisions were assessed, and the worst healing outcome was used for documentation.

EHS was used to evaluate the wounds in the early stage of healing, at 24 hours after surgery. The mean EHS was 7.2±2.56 (range, 1--10). Six cases (20%) scored 10, whereas no case scored 0. Sixteen vertical releasing incisions (53.3%) exhibited a maximum CSR score (6). Thirteen vertical releasing incisions (43.3%) received 3 points for CSR, while only 1 (3.3%) received 0 points for CSR. Fifteen vertical releasing incisions (50%) exhibited a CSH score of 2, 7 (23.3%) had a CSH score of 1, and 8 (26.6%) had a CSH score of 0. Fifteen (50%) vertical releasing incisions exhibited a CSI score of 2, 14 (46.6%) a CSI score of 1, and 1 (3.3%) a CSI score of 0 ([Table 2](#T2){ref-type="table"}, [Figures 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}).

###### Data on individual vertical releasing incisions with EHS parameters
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  VRIs   CSR (points)   CSH (points)   CSI (points)   EHS (points)
  ------ -------------- -------------- -------------- --------------
  1      6              2              2              10
  2      6              2              1              9
  3      6              1              2              9
  4      3              1              1              5
  5      3              0              2              5
  6      3              2              1              6
  7      6              2              1              9
  8      6              2              1              9
  9      0              0              1              1
  10     6              2              2              10
  11     3              1              1              5
  12     3              0              1              4
  13     6              1              2              9
  14     3              2              1              6
  15     6              2              2              10
  16     6              2              2              10
  17     6              2              2              10
  18     6              2              2              10
  19     6              2              1              9
  20     3              0              2              5
  21     6              1              2              9
  22     3              0              1              4
  23     3              0              1              4
  24     3              2              2              7
  25     6              2              1              9
  26     6              1              1              8
  27     6              1              2              9
  28     3              2              2              7
  29     3              0              2              5
  30     3              0              0              3

EHS: Early Wound Healing Score, VRI: vertical releasing incision, CSR: clinical signs of re-epithelialization, CSH: clinical signs of haemostasis, CSI: clinical signs of inflammation.

![Graphic representations of CSR. (A) Merged incision margins (6 points for CSR). (B) Incision margins in contact (3 points for CSR). (C) Visible distance between incision margins (0 points for CSR).\
CSR: clinical signs of re-epithelialization.](jpis-48-274-g001){#F1}

![Graphic representations of the CSH and CSI. (A) Presence of fibrin on the incision margins (1 point for CSH). (B) Bleeding at the incision margins (0 points for CSH). (C) Redness involving \<50% of the incision length (1 point for CSI). (D) Redness involving \>50% of the incision length and/or pronounced swelling (0 points for CSI).\
CSH: clinical signs of haemostasis, CSI: clinical signs of inflammation.](jpis-48-274-g002){#F2}

![Clinical photographs of vertical releasing incisions exhibiting decreasing values of the EHS. (A) The value of EHS is 10 (merged incision margins: 6; absence of fibrin on the incision margins: 2; absence of redness along the incision length: 2). (B) The value of EHS is 9 (merged incision margins: 6; absence of fibrin on the incision margins: 2; redness involving \<50% of the incision length: 1). (C) The value of EHS is 5 (incision margins in contact: 3; bleeding at the incision margins: 0; absence of redness along the incision length: 2). (D) The value of EHS is 5 (incision margins in contact: 3; presence of fibrin on the incision margins: 1; redness involving \<50% of the incision length: 1). (E) The value of EHS is 3 (incision margins in contact: 3; bleeding at the incision margins: 0; redness involving \>50% of the incision length and/or pronounced swelling: 0). (F) The value of EHS is 1 (visible distance between incision margins: 0; bleeding at the incision margins: 0; redness involving \<50% of the incision length: 1).\
EHS: Early Wound Healing Score.](jpis-48-274-g003){#F3}

DISCUSSION
==========

Even though numerous systems have been proposed to evaluate wound healing in oral soft tissues, a new method ---EHS --- was introduced in the present study in order to assess healing by primary intention 24 hours following surgical interventions.

In this study, the EHS was only assessed in vertical releasing incisions in order to better standardize the evaluation. However, the authors suggest that the EHS should be used to evaluate primary wound healing in other settings, such as papillary horizontal incisions and crestal linear incisions.

The EHS was intended to be used starting on the first postoperative day. It is thought to be important to start the evaluation at day 1 because, simultaneously with the haemostatic and inflammatory phases, re-epithelialization begins at 24 hours following tissue injury \[[@B2][@B8][@B15]\]. Even though this healing interval might seem too short for a clinical evaluation, since periodontal wound healing is not completed before 2--3 weeks of healing and even then is followed by further remodelling and tissue maturation, the purpose of the authors was specifically to assess the healing process of the wound surface at this early time interval \[[@B8]\].

The EHS was developed to analyse incision wounds in the early stages of healing by applying 3 parameters that correspond to the biological processes of oral soft tissue healing (haemostasis, inflammation, and re-epithelialization). Since these processes can only be definitively assessed histologically, the parameters of EHS were respectively named CSH, CSI, and CSR.

The present system allows for a strictly independent scoring of CSR, CSH, and CSI. The summation of the scores of each parameter generates the EHS score. The EHS for perfect wound healing is 10 points, and the worst EHS is 0 points. However, a score of 10 points is not intended to indicate the completion of the wound healing process, but rather uneventful early healing, which reflects a sequence of well-orchestrated, innate temporal and spatial events that dictate the outcomes of wound healing \[[@B8]\].

For CSR, the clinical signs assessed were merging, approximation, and distance of margins, which represent the progress of re-epithelialization. Since wound closure is essential for healing by primary intention, especially for periodontal wound healing, CSR was considered the main outcome \[[@B8]\]. Therefore, the CSR component was weighed to be 60% of the EHS. Accordingly, the following scores were assigned to CSR: 0 points if visible distance was present between the incision margins; 3 points if the incision margins were in contact; and 6 points if the incision margins had merged.

For CSH the clinical signs assessed were bleeding, fibrin, and the absence thereof, representing haemostasis in its schematic subdivisions (primary, secondary, and tertiary). Primary haemostasis, subclassified into a vascular and a platelet phase, is a crucial step in would healing, since the interruption of blood flow and clotting allow further steps of healing \[[@B16][@B17][@B18]\]. Slight bleeding is common for the first few hours after surgery, but it may occur for some additional hours or for 2--3 days due to suture loosening, flap instability, or dehiscence, which impede outcomes in the course of further wound healing \[[@B8]\]. Secondary haemostasis, through fibrinogen conversion, leads to fibrin clot formation. A thin fibrin clot is essential for rapid healing by primary intention and forms the initial seal between the oral environment and the wound edges. However, healing is delayed by the formation of a large coagulum, which occupies excessive space and is associated with inadequate re-approximation of wound edges \[[@B19]\]. Tertiary haemostasis, as the final stage in the process, occurs when the fibrinolytic system disrupts the fibrin clot. A delay of the haemostatic phase may result in increased swelling, pain, and delayed postoperative healing \[[@B20]\]. Accordingly, the following scores were assigned to CSH: 0 points in the presence of bleeding at the incision margins; 1 point in the presence of fibrin on the incision margins; and 2 points in the absence of fibrin on the incision margins. CSH was scored as 1 point in the presence of fibrin covering necrotic tissue, due to insufficient blood supply during postoperative healing.

For CSI, the clinical signs assessed were redness and swelling, representing 2 visually distinguishable cardinal signs of inflammation. Healing is considered to be dependent on the inflammatory process to create a favourable environment for cellular metabolism by removing microorganisms, necrotic or damaged tissue, and particulate matter \[[@B3][@B4]\]. However, poor flap closure, excessive tissue injury during surgical manipulation, and prolonged retention of sutures in the tissues prolong the debridement activities of the inflammatory process and delay the onset of healing mechanisms \[[@B17][@B19][@B20][@B21]\]. Accordingly, the following scores were assigned for CSI: 0 points in the presence of redness involving \>50% of the incision length and/or pronounced swelling; 1 point in the presence of redness involving \<50% of the incision length; and 2 points in the absence of redness along the incision length. The adjacent healthy gingiva was used as the reference to judge changes in tissue colour and swelling, while the incision area was defined between 2 mm along each side of the incision margins.

Pain perception, a third cardinal sign of inflammation, was not taken into consideration for the evaluation. Although pain is of high clinical importance, this symptom was considered too subjective for a clinical score and could negatively interfere with the objective assessment \[[@B22]\].

Suppuration, identified as a turbid or creamy exudate, is caused by white blood cells and bacteria, and therefore is indicative of an infection \[[@B23]\]. Since infection was considered to be a major adverse event during early wound healing, if suppuration was present, the EHS was scored as 0.

In the present study, clinical cases are presented to illustrate the use of the EHS system.

Several clinical cases (16 of 30; 53.33%) achieved the maximum CSR score at 24 hours of follow-up and 6 achieved the highest EHS (10 points), demonstrating perfect early wound healing. Within their limits, the results concerning the present score have shown that periodontal soft tissues have a remarkable early wound healing ability, which has also been observed when the EHI \[[@B10]\] and WHI \[[@B13]\] were used to evaluate wound healing.

Conversely, other vertical releasing incisions (13 of 30; 43.33%) received 3 points for CSR at 24 hours post-surgery, suggesting incomplete re-epithelialization. In most cases, this was a consequence of incomplete closure at the tooth surface. Flap dehiscence only occurred in 1 case.

Concerning the clinical signs of haemostasis, 15 cases (50%) did not present fibrin on the incision margins (CSH score of 2), 7 cases (23.3%) exhibited fibrin (CSH score of 1), and 8 cases (26.6%) showed bleeding from the incision margins (CSH score of 0).

Regarding the clinical signs of inflammation, half of the total vertical releasing incisions (15 of 30; 50%) did not exhibit any redness (CSI score of 2), while most others (14 of 30; 46.6%) revealed moderate redness (CSI score of 1). One vertical releasing incision (3.3%) presented pronounced redness and swelling (CSI score of 0). Taken together, the distribution of the given scores over a broad range, with few cases reaching the maximal score of 10, shows the applicability of the component sub-scores and the EHS itself.

Among the limitations of EHS, as for the above-mentioned indices, it should be emphasized that all parameters were arbitrarily weighted. However, this is an essential simplification for an approximate estimation of the early healing of incisional wounds. The approach used for the EHS was inspired by previously published assessment methods \[[@B24]\].

Finally, no sample size calculation was possible for this pilot study. Considering the novel nature of EHS, no previous equivalent or sufficiently comparable data were available for a reasonable calculation. However, the authors consider that the information presented herein could be useful to preliminarily illustrate the different clinical presentations of the early healing of periodontal soft tissue wounds and their assessment by using the proposed system. For future studies, data from the present study are available and might be considered for sample size calculations.

In conclusion, the EHS system may be a useful tool for assessing wound healing by primary intention in periodontal soft tissues after surgical incisions, and would also be of significant aid for communications between clinicians and researchers, thereby promoting a better understanding of the clinical presentation of early wound healing.
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